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ABSTRACT - Wild isolates of the hiological species Saccharomyces paradoxus Balschinskaia
was found for the first time in Far Bast Asia (Russian continental region) and identified by genet-
ical and molecular criterdia.  Strains of both species S. cervevisiae Hansen and S, kinyveri Phaff of
al. were also isolated.

RESUME - Des isolats sauvages de lesptee biologique Saccharomyees paradoxus Batschinskaia
ont €€ trouves pour la premitre fois en Asie Exiréme Orientale (région continentale Russe) et
identifiés par des critéres génétiques et moléculaires. Des souches de 8. cerevisiue Hansen et S.
kfuyveri Phaft e al. ont également &€ isolées.

KEY WORDS : hybridization analysis. electrophoretic karvotyping, Saccharomyces paradoxus,
5. cerevisiae, S. kluyveri, taxonomy.

INTRODUCTION

According to genclic hybridization analysis and lotal DNA-DNA reassociation
data, thers arc three biological sibling species within the taxonomical Saccharomyees
cerevisige ycast complex: S. bavanus Saccardo, S. cerevisiae Hansen, 5. paradoxus
Batschinskaya, and one hybrid taxon S. pastorianus Hansen (syn. S. carlsbergensis
Hensen) (Naumov et al., 1983a; Naumov. 1987; Naumov & Nikonenko, 1989; Vau-
ghan Martini, 1989; Vaughan Marlini & Kurtzman, 1985; Vaughan Martini & Martini,
1987). The three sibling species are distinguished genelically, they can be crossed but
interspecies hybrids remuain sterile or vield non-viable ascospores. The Saccharomvees
cerevisiae complex, [ormerly known as Saceltaromyees sensu stricto (van der Walt,
1970, is not closely related to another group, Saccharomyces sensu late, which in-
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cludes S. kfuyveri Phaff et al, 8. dairensis Naganishi. 5. exignus Hansen. S. servazzil
Capriotti and 5. wnisporus Jorgensen (Johaston & Mortimer, 1986; Kaneto et al., 1989,
Mikata. 198%; Vaughan Mactini & Kurtzman, 1988, Yarrow, 1984).

During many years, Saccharomyces sensu siricto yeasts from East and West
Europe have been intensively studied in order to find wild strains of the domesticated
species 5. cerevisize (Naumov. 1980, 1986, 1987, 1988, 1989, Naumov & Nikenenko,
1987, 1988a: Naumov er al., 1992a). From natural substrates, away from human activ-
ities. such as oak exudates, uncultivaled soils or insects, only the biological species §.
paradoxus is found constanily. The second sibling species §. bavanus able to ferment
melibiose occurs in wine prepared at low temperature (Naumov, 1987, Naumov &
Nokonenko, 1989; Naumova et al., 1991). In previous siudies we described two Asian
populations of wild S. cerevisiae yeasts located far from one another: one in Central
Stberia (Novosibirsk) and another in Japan (Naumov & Nikonenko, 1988b. Naumov &
Naumova, 1991). 1t was thus proposed that European cultivated S. cerevisiae yeasts,
which are now wide-spread over the world, criginated from Far East Asia.

In the present study we identified Saccharomyees strains isolated in Russian
Far East from regions located not far from Japan, Such floristic study will permit bet-
ter evaluation of cndemicity of Saccharomyees yeasts from Japan and, on the other
hand, elucidation of the origin of European cultural yeasts,

MATERIALS AND METHODS

Strains

The list of Saccharomyces strains studied and their origin are presented in Ta-
ble 1. The methods for cultivation, sporulation and hybridization of yeasts have been
described elsewhere (Naumov el al., 1986). The sporulaled culures were treated with
stornach juice of garden snails Helix to destroy ascus walls and then ascospores were
isolated with a micromanupulator (Johnston & Mortimer, 1959). The method used to
isolate natural strains was described before (Naumov et al,, 1992a). Yeasls were coi-
lected from exudates of Quercus mongolica during expeditions in September-October
1987. Twelve pure cultures of Saccharomyces were isolated from mixed populations of
yeasts, filamentous fungi and bacteria. Preliminary identification of the Saccharomyces
yeasts was done according to size and morphology of ascospores (Yarrow, 1984),

Highly fertile monosporic cultures of 5. cerevisine VKM Y-302 (CBS 5287),
SBY 2576 and 5. paradoxus CBS 5829 strains marked by auxotrophic ade mutations
{red colonies} were used as genelic species testers (Naumov, 1987; Naumov et al.,
1983b). Chromosomal DNAs prepared from strains of 5. cerevisiae (YNN 293}, S, par-
adoxus (CBS 432) and S. kluvveri (NRRL 12651, CBS 4570) were used as standards
for karyotyping studies. The following acronyms of culture collections are used: VKM
= National Collection of Microorganisms, Moscow, Russia; SBY = Scccion de Biogui-
mica, Instituto National de Investigaciones Agrarias, Madrid, Spain; CBS = Centraal-
bureau voor Schimmelcultures, Delft, The Netherlands, NRRL = Northern Region Re-
search Cenler, Peoria, IlI., U.S.A.

CHEF gel electrophoresis

Preparation of chromosomal DNAs have been described before (Naumov et
al, 1991}, A CHEF-DR™ II apparatus (Bio-Rad, Richmond, CA, U.5.A.) was used to
separate the chromosomal DNAs. The clectrophoresis buffer was 0.5 x TBE. The buff-
er was circulated around the gel and cocled to 14 C. Electrophoresis was carried out at
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Table 1 - List of the Saccharomyces strains studied and isclaed from exudates of Quercus mon-
gofica in Far East of Russia.

Tableau 1 - Liste des souches de Succharomyces isolées d'exsudats de Quercus mongolica en
Extréme Orient Russe.

Strain Place of isolation Date of
designation isolation
MNe42 Botanical garden in 06.VIIT.B7
the environs of Vladivestok
N°43 The cape "Peschannyi" in 12.VIII.87
the environs of Vliadivostok
Ne44 The environs of Ternei city 16.VIII.87
No4s The environs of Ternei city 16.VIII.87
N°46 "Blagodatnoe" department of 17.VIII.87
the nature reserve "Sikhote-
Alinsky"
Hea7 "Blagodatnoe" department of 17.VIII.B87?
the nature reserve “"Sikhote-
Alinsky"
Ne48 Bioclogical station of 28.VII1.87

Far East State University,
v. Rjazanovka of Khazansky
district

Neagl Biological station of 28.VIII.87
Far East State University,

v. Rjazanovka of Khazansky
district

Ne=50 The railway station "Chajka", 02.I%X.87
Vladivostok

Nes1 The railway station "Chajka", 02.IX.87
Vladivostok

HeS2 The nature reserve 09.VIII.8?
"Kedrovaya pagd"

N®53 "Blagodatnoe" department of 17.VIII.87
the nature reserve "Sikhote-
Alinsky"

iThe strain was isclated from exudate of @. dentata.

200 V for 15h with m switching time of 60 s and then for 8h with u switching time of
90s. For better separation of chromosomal DNAs of 5. kluyveri strains electrophoresis
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was carried out at 200 V for 15 h with a switching time of 70s and then for 8 h with =
switching time of 120 =

RESULTS AND DISCUSSION

Meonaosparic cloning

For genetic analysis, monosporous, highly feriile strains should be used. Such
strains with homozygous chromosome sets are also more suitable for electrophoretic
karyotyping because they do nol carry chromosomes. To obtain highly fertile lines
6-10 asci (tetrads) were dissected in each strain. All strains studied were homothallic
with very high ascospore viability in the range of 85-100%.

Two strains N® 32 and N° 53 were not suitable for genetic analysis because
their ascus walls were not destroyed by the enzyme treatment. In this respect they are
similar to strains of Saccharomyces khivveri {McCullough & Herskowitz, 1979),

Electrophoretic karyotyping

All strains under examination were compared by clectrokaryotyping (Fig. 1A).
Karyotyping patterns of 10 strains {N® 42-51} were very similar to each other and 1o
those of standard lesters of S. cerevisiage and S. paradoxws. These two species are
known to display similar karyotyping patierns. while karyotypes of S havanus were
clearly distinguishable from those of S. cerevisige and 8. paradoxus {Naumova et al.,
1991; Naumov et al., 1992b). So, it was possible to conclude that the strains studied
belonged either 10 5. cerevisiae or to 5. paradoxus, but not to §. bayanus. Karyotyping
pattern of strain N® 43 (Fig. 1A, lanc 5) was slightly different from the others for
chromosomes VII and XV, which usually migrate together, and for chromosomes V.,
VI and 1X which differ in size from the other strains.

The two strains N° 32 and N° 53 were very different in terms of karyotype
from other Saccharomyces sirains studied (Fig. 1A, lanc 14, 15). Chromosomal DNA
of these strains was resolved into 6 bands with chromesome sizes ranging from 2.2
Mb to 1.0 Mb, while other strains including standards showed 12-15 bands ranging
from 22 Mb 1o 245 Kb. Karyotyping profiles of these two strains corresponded more
closely to thal of 5. kluyveri (Johnston et al., 1988). Karyotyping palterns of strains N°
52 and N° 53 were further compared with two strains of S. kfiyveri including the type
culwre NRRL Y-12651 (Fig. B). All four sirains showed identical karyotypes, suggest-
ing that strains N® 52 and N® 53 may belong to the species 5. kluyveri, This suggests
that it may now be possible to identify by molecular karyotyping the species S kluy-
veri {data of the present study), S. unisporus (Mikata, 1989), S. kavanus and the com-
plex 8. cerevisiae - S. paradoxus (Noumova et al., 1991: Naumov et al., 1992h.

Genetic hybridization analysis

Monosporic cultures of 10 strains (N°® 42-51) were crossed with 5. cerevisiae
VKM Y-502 and S. paradoxus CBS 5829 tester sirains. Crosses were made by the
"spore-lo-spore” mating method psing a micromanipulator. Zygote formation was cob-
served in all crosses. These experiments confirms the karyotyping data and show that
all strains 42 to 51 belong to the complex Saccharomyces cerevisiae, To establish the
fine species belonging of the strains, all hybrids were studied by letrad analysis {Table
2, 3). Species assignment of the strains was determined on the basis of the viability of
hybrid ascosperes. Viability of hybrid ascospores and regular meijotic segregation of
control ade marker indicated the high homelogy of the genomes of the parent strains
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Figure 1 - CHEF gel electrophoresis analysis of chromosomal DNAs from natural Saccharomyces
strains isolated in Russian Far East and from standard strains of 8. cerevisige, 5. pury-
doxus and 5, khyverd,

(A) Lanes 1, 2 and 13, 5. cerevisiae, YNN 295, X2180-1A and N 51, respectively; lanes
3-12, 5. paradoxus, CBS 432, N 42, N 43, N 44, N 45, ¥ 46, N 47, N 48, N 49 and N
50, respectively; lanes 14 and 15, 8 kiyveri, N 52 and N 53, respectively,

(B) Lanes 1-4, 8. khiyveri, NRRL Y-12651, CBS 4570, N 32 and N 53, respectively.

All cultures studied are monosporic isolates, with the exception of . kinveri ones,

Figure 1 - Analyse électrophorétique en gel CHEF d'ADN chromosomique d'isolats naturels de
Saccharomyces dExtréme Orent Russe et de souches de références de 5. cerevisige, S.
pargdoxus el S. kiuyvers,

(A) Pistes 1, 2 et 13, S5 cerevisige, YNN 295, X2180-1A et N 51; pistes 3-12, 5. para-
doxus, CBS 432, N 42, N 43, N 44, N 45, N 46, N 47, N 48, N 49 et N 50, pistes 14 et
15, § khyveri, N 52 et N 53,

(B} Pistes 1-4, 5. &haverr, NRRL Y-12651, CBS 4570, M 52 et N 53,

Touwtes les cultures étudiées proviennent d'isclements monesporaux, 4 l'exception de S. kfuyvery,

and their belonging to the same biological species (Table 2). Conversely, non viability
of hybrid ascospores enabled us to assign the corresponding parents (o different spe-
ctes (Table 3). According to the results oblained, strains 42 to 50 belong to Lhe species
S, paradoxus. Strain N° 51 corresponds to lhe species S. cerevisige sensu stricto; intra-
species control crossing of S cerevisiae 502 x 2576 gave normal meiotic segragation
(Table 2).

Thus, three specics S. paradoxus (9 strains), S. cerevisine (1 strain) and S
ktuyveri (2 strains) were found among wild Saccharomyces yeasts of the continental
part of Russian Far East. S. cerevisiage strain N° 51 was isolated in Viadivostok not far
from dwelling buildings. Rare semicultivaied wine yeasts of S, cerevisige have been
formerly identified in Far East of Russia (Naumov, 1988, 1990a, b). In the continental
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Table 2 - Genetic analysis of intraspecies hybrids of S. paradozus and 5. cerevisiae.

Tableau 2 - Analyse génétique d'hybrides intraspécifique de $. paradoxus e1 5. cerevisige.

origin of Us. of Ho. of No. of Proportion Segreqa-
hybrids spore Zygotes tetrads of viable tion of
pairs obtainnad isolated ascosporas ade :ADEY
crossed of hybrids
(%}

5. paradoxus x 5. paradoxus

42 w 5829 32 & 38 45 35:33
47 x 5329 29 a 15 24 15:29
41 x G829 30 2 44 55 41144
45 ¥ 5BR9 33 2 34 a3 22:22
46 W SH29 15 o 45 19 313:738
47 wx 5839 37 7 14 41 it:3s
48 ¥ S5B2B 30 7 36 45 31:24
49 % 589 32 5 40 46 40:33
50 x kg9 31 S 41 50 41:4)

. cerevirciae » 8. ceravisiae

i

51 x 502 ‘34 2 12 32 ?:2 {1
SN2 x 23574 46 5 25 84 Z:2 (1

lpata of randem spore or trtrad analysis are presented.
Humber of teftrads is indicated in parsnthesjis.

part of Russian Far East, wild yeast of the complex §. cerevisiae correspond more
likely Lo the species S. paradoxus than to the species S. cerevisiae sensu stricto, On the
contrary in Japan, S. cerevisiae strains are common in nature (Yoneyama, 1957, 1958;
Kodama, 1974; Banno, 1975; Banno & Mikata, 1981; Naumov & Nikonenko, 1988h).
It thus seems that Japanese populations of wild S. cerevisiae yeasts are unigue for the
Far East Asia.

It should be noted that North American and Far East Asian strains of S kluy-
veri are more homogenous in terms of karyolypes (Fig. 1B} than strains of South Afri-
ca {Coetzee el al., 1987).

In this and previous investigations (Naumov & Nikonenko, 1988b) we ob-
tained preliminary data on the distribution of Saccharomyces cerevisige and S. para-
doxus yeasts in Far East Asia. More studies of Saccharomyces yeasts of Sakhalin and
Kuril [slands, the enlarged screenings of strains of the continental Far East region and
Japan, have to be done before definite conclusions can be drawn regarding the species
composition of wild populations of Saccharomyces in Far East Asia.
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Table 3 - Genetic analysis of interspecies hybrids §. paradoxus x $. cerevisiae.

Tableau 3 - Analyse dhybrides interspéeifiques entre S, paradoaus et S. cerevisige.

arinin of Mo. of Ho. of Mo, of Proportion of

hybrids spore zygotes tetrads viable asco-
pairs obtained isolated spores of
croased hybrids (%)

472 x 502 29 2 26 ot

41 x 202 26 i 27 [ |

44 x 502 29 3 EN] 0

45 x 502 27 4 37 O

46 x 502 il 2 41 o}

47 » 502 Nl 4 26 0

48 x 502 23 L 39 aQ

19 x S02 23 2 41 ]

50 » S02 30 4 31 0

SAMY K S5 75 6 44 [t}

Miyprids of strains NN 42, 44, 45, 46, 47 and 49 with the
¥

&, cerevisiae tester formed 1-2 microcolonies.
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